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Ameadmems to the Claims : ^ 

Claim 1 (withdrawn): A fuel injector havidg a nozzle with improved cooling for an 
internal combustion engine comprising; / 

a substantially tubular retainer hav/ng a proximal end with a nozzle support 
portion, said nozzle support portion hping an outer peripheral surface and an 
engagement opening with an inner periphferal surface; and 

a nozzle housing received withiy said retainer at said proximal end, said nozzle 
housing including a nozzle shank witH a longitudinal axis, an outer peripheral surface 
and at least one injection hole at a tip of said nozzle shank which is adapted to spray 
fuel, said nozzle shank being positioned in said nozzle support portion of said retainer, 
wherein said outer peripheral surface of said nozzle shank is tapered with 
respect to said longitudinal axi^, and said inner peripheral surface of said nozzle 
support portion is correspondingfly tapered with respect to said longitudinal axis and is 
sized to engage said outer peripheral surface of said nozzle shank along a tapered 
interface, / 

Claim 2 (withdrawn): The Auel injector of claim 1, wherein a length of said tapered 
interface is greater than a d/ameter of said nozzle shank, 

Claim 3 (withdrawn): The fuel injector of claim 2, wherein said outer peripheral 
surface of said nozzle shank and said inner peripheral surface of said nozzle support 
portion are tapered between 0.5 to 15 degrees. 

Claim 4 (withdrawn)/ The fviel injector of claim 3, wherein said outer peripheral 
surface of said nozzli shank and said inner peripheral surface of said nozzle support 
portion are tapere<yi approximately between 1 to 2 degrees with respect to said 
longitudinal axis. / ^ 

Claim 5 (withdrawn): The fuel injector of claim 2, wherein said nozzle support portion 
has an inverse conical shape with a conical outer peripheral surface. 
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Claim 6 (withdrawn): The fuel injector of claim 1, wherein/said retainer further 
includes a nozzle sleeve and said nozzle support portion is provided on said nozzle 
sleeve. 

Claim 7 (withdrawn): The fuel injector of claim 6, Wherein said outer peripheral 
surface of said nozzle shank and said inner peripheral jmrface of said nozzle sleeve are 
tapered between 0.5 to 15 degrees. 

Claim 8 (withdrawn): The fiiel injector of omm 7, wherein said outer peripheral 
surface of said nozzle shank and said inner peripheral surface of said nozzle sleeve are 
tapered approximately between 1 to 2 degree^ with respect to said longitudinal axis. 

Claim 9 (withdrawn): The fuel injector m claim 6, wherein said nozzle sleeve has an 
inverse conical shape with a conical oatifcr peripheral surface. 

Claim 10 (withdrawn): The fuel injector of claim 1, wherein the fuel injector is 
adapted to be received in an injector bore of a cylinder head of the internal combustion 
engine, and said outer peripheral surface of said nozzle support portion directly 
contacts at least one of the imector bore of the cylinder head and a coolant jacket 
sleeve installed in the injecto/ bore. 

Claim 11 (withdrawn): Tlie fiael injector of claim 10, wherein said outer peripheral 
surface of said nozzle sleeve directly contacts the coolant jacket sleeve installed in the 
injector bore. 

Claim 12 (currently amended): A fuel injector with improved cooling for an internal 
combustion engineJ comprising: 

a substantially tubular retainer having a proximal end with a nozzle support 
portion, said ^ozzle support portion having an outer peripheral surface and an 
engagement opening with an inner peripheral surface; and 
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a nozzle housing received within said retainer at said proximal end, sajdT nozzle 
using including a an integral nozzle shank with an outer peripheral sjjftace and a 
longitudinal axis, said integral nozzle shank having an elongated sh^e in which a 
longitudinal axial di tnftTii=;Tnn of said integral nozzle shank along saidjlongitudinal axis 
is larger than a diameter of said outer peripheral surface of said^ntegral nozzle shank . 
said integral nozzle shank farther having an elongated valve/Cavity adapted to receive a 
valve element and at least one injection hole at a tip/of the nozzle shank which is 
adapted to spray fael when said valve clement is opm in said elongated valve cavitv, 
said valve element contacting said integral nozzle^hank to prevent flow to said at least 
one injection hole when said valve element is closed in said elongated v alve cavitv: 

wherein said inner peripheral surf&e of said nozzle support portion has a 
diameter smaller than a said diameter of said outer peripheral surface of said integral 
nozzle shank in a manner that an intj^erence fit exists at a seal interface between said 
integral nozzle shank and said no^le support portion when said integral nozzle shank 
is installed in said nozzle support portion to prevent combustion gas from entering an 
engagement opening between said integral nozzle shank and said nozzle support 
portion. 



Claim 13 (original)/ The fuel injector of claim 12, wherein the diameter of the inner 
peripheral surface of said nozzle support portion is sized approximately 0.00005 to 
0.001 inch sm^ler than the diameter of said outer peripheral surface of said nozzle 
shank. 

Claim /a (original): The fuel injector of claim 13, wherein the diameter of the inner 
pem^heral surface of said nozzle support portion is sized approximately O.OOOl to 
(L0006 inch smaller than the diameter of said outer peripheral surface of said nozzle 
shank. 
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Claim 15 (original): The fuel injector of claim 12, wherein said noasle support portion 
includes a chamfer adapted to facilitate installation of said noizle shank into said 
nozzle support portion. / 

Claim 16 (original): The fiiel iruector of claim 15, wherein/ihe diameter of the inner 
peripheral surface of said nozzle support portion is sized/ approximately 0.00005 to 
0.001 inch smaller than the diameter of said outer peripheral surface of said nozzle 
shank. / 

Claim 17 (original): The fuel injector of claim 16, therein the diameter of the inner 
peripheral surface of said nozzle support portioi/ is sized approximately 0,0001 to 
0.0006 inch smaller than the diameter of said outer peripheral surface of said nozzle 
shank. / 

Claim 18 (original): The fuel injector of cla(im 12, wherein the nozzle shank is press 
fitted into said engagement opening of said Nozzle support portion. 

Claim 19 (original): The fuel injecto/ of claim 12, wherein said retainer further 
includes a nozzle sleeve and said nome support portion is provided on said nozzle 
sleeve. / 

Claim 20 (original): The fiiel injector of claim 12, wherein the fuel injector is adapted 
to be received in an injector bore bf a cylinder head of the internal combustion engine, 
and said outer peripheral surfao(e of said nozzle support portion directly contacts at 
least one of the injector bore of the cylinder head and a coolant jacket sleeve installed 
in the injector bore. / 

Claim 21 (withdrawn): A fiiel injector having a nozzle with improved cooling for an 
internal combustion engine comprising: 
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a substantially tubular retainer having a proximal end with a nozzle support 
said nozzle support portion having an outer peripheral su^^ace and an 
engagement opening with an inner peripheral surface; 

a nozzle housing received within said retainer at said proxin^ end, said nozzle 
housing including a nozzle shank with an outer peripheral surf^e and at least one 
injection hole at a tip of the nozzle shank which is adapted ta^pray fuel, said nozzle 
shank being positioned in said nozzle support portion of said/retainer; and 

a nozzle seal adapted to seal an interface between/said inner peripheral surface 
of said nozzle support portion and said outer peripheral/surface of said nozzle shank to 
thereby prevent accumulation of hot gas at S2iid interface. 

Claim 22 (withdrawn): The fuel injector of claim 21, wherein said nozzle seal is 
positioned between said inner peripheral surface of said nozzle support portion and 
said outer peripheral surface of said nozzle snank. 

Claim 23 (withdrawn); The fuel inje9tor of claim 22, wherein said nozzle seal is a 
metallic washer. 

Claim 24 (withdrawn): The fuel/injector of claim 23, wherein said metallic washer is 
made of at least one of steel am copper. 

Claim 25 (withdrawn): IJie fuel injector of claim 21, wherein said nozzle support 
portion includes a flanre on said iimer peripheral surface, and said nozzle shank 
includes an abutment em said outer peripheral surface that is axially spaced from said 
flange when said na&zle housing is received within said retainer, thereby forming a 
seal compartmentyOetween said imier peripheral surface of said nozzle support portion 
and said outer paipheral surface of said nozzle shank. 

Claim 26 (^thdrawn): The fuel injector of claim 25, wherein said nozzle seal is a 
metallic wdsher disposed in said seal compartment. 
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Claim 27 (withdrawn): The fuel injector of claim 25, further comprising a compliant 
ring disposed in said seal compartment adjacent to said nozzle seal to compensate for 
axial tolerance variances between said retainer and said nozzle housing when said 
nozzle housing is received within said retainer. / 

Claim 28 (withdrawn): The fuel injector of claim 27, wherein sawi compliant ring has 
a C-shaped cross-section. / 

Claim 29 (withdrawn): The fuel injector of claim 28, wherein said compliant ring is 
made of at least one of steel and copper. / 

Claim 30 (withdrawn): The fuel injector of claim 25, wherein said retainer further 
includes a nozzle sleeve and said nozzle support irortion is provided on said nozzle 
sleeve. / ( 

Claim 31 (withdrawn): The fuel injector o£^laim 21, wherein the fuel injector is 
adapted to be received in an injector bore of p. cylinder head of the intemal combustion 
engine, and said outer peripheral surfacp of said nozzle support portion directly 
contacts at least one of the injector bore of the cylinder head and a coolant jacket 
sleeve installed in the injector bore. / 

Claim 32 (withdrawn): A fiiel injeictor having a nozzle with improved cooling for 
installation into an injector bore of a cylinder head of an intemal combustion engine 
comprising: / 

a nozzle housing with an outer peripheral surface, a valve cavity therein, a 
valve seat disposed in said vaive cavity, and at least one injection hole at a tip of said 
nozzle housing which is ad^ted to spray fuel; and 

a valve element disposed in said valve cavity of said nozzle housing, said valve 
element being operable between a closed position in which said valve element is seated 
against said valve seat/to thereby prevent injection of fuel through said at least one 
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injection hole, and an open position in which saia valve element is lifted off said valve 
' / seat to thereby allow injection of fuel throu^^^aid at least one injection hole; 
I wherein said outer peripheral surfe<$e of said nozzle housing directly contacts at 

least one of the injector bore of the cjmder head and a coolant jacket sleeve installed 
in the injector bore. 



Claim 33 (withdrawn): Theiuel injector of claim 32, wherein said outer peripheral 
surface of said nozzle houmig is conical in shape and directly contacts said coolant 
jacket sleeve installed ip^e injector bore. 
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